INTRODUCTION
The F 1 F 0 -ATP synthase complex (also called F 1 F 0 -ATPase) plays a central role in energy transformation in most living organisms. It is composed of two major domains, a globular F 1 catalytic domain and a membrane bound F 0 proton-translocating domain linked together by a central stalk. The synthesis of ATP requires an electrochemical proton gradient across the inner mitochondrial membrane which is driven by the transport of protons back into the matrix through the F 0 domain. When a cell is deprived of oxygen, the electrochemical gradient across the inner membrane collapses and the enzyme switches its catalytic activity from ATP synthesis to ATP hydrolysis. Under these conditions, F 1 -ATPase, the catalytic domain of ATP synthase, catalyses the hydrolysis of ATP to ADP and phosphate. In mitochondria, this hydrolytic activity is regulated by a natural inhibitor protein, IF 1 . In bovine mitochondria, IF 1 is a basic protein of 84 amino acids long (1) . The binding of IF 1 to ATP synthase depends on pH, and below neutrality, its inhibitory capacity increases (2) . Recently, we have shown that bovine IF 1 has two oligomeric states: tetramer and dimer, favoured by pH values above and below 6.5, respectively (3). Activation is accompanied by a decrease in IF 1 helicity relative to the inactive form between residues 35-47 which are involved in the formation of tetramers, the inactive form. At a pH of about 6. In this paper, we describe experiments using gel filtration chromatography, analytical ultracentrifugation and electron microscopy that validate this prediction. 
Gel filtration chromatography and SDS-polyacrylamide gel electrophoresis-
Protein samples (5 mg/ml; 100 µl) prepared as described above were chromatographed at room temperature at a flow rate of 0.2 ml/min on a Superose 6 HR 10/30 column (Pharmacia) pre-equilibrated in buffer containing 50 mM MOPS-NaOH pH 6.5, 10 mM magnesium sulfate, 1 mM EDTA, 0.02 % sodium azide,10 % glycerol and 0.001 % phenylmethylsulfonyl fluoride. The absorbance of the eluant was monitored at 280 nm. Sedimentation velocity-Sedimentation velocity runs were performed at 20.0°C and at various rotor speeds (finally using 40,000 rpm for F 1 -ATPase and 30,000 rpm for the IF 1 -F 1 complex) in a Beckman AN-60Ti rotor and a Beckman XL-A ultracentrifuge.
The samples were dissolved in buffer consisting of 50 mM MOPS-NaOH, pH 6.5, 10 mM magnesium sulfate, 1 mM EDTA, 0.02 % sodium azide and 0.001 % phenylmethylsulfonyl fluoride. Scans were taken as frequently as possible (i.e. with a zero interval setting, which gives ca. 4.5 min with 3 cells in the rotor). Data were 7 analysed initially by plotting g(s*) against s*, where g(s*) is the fraction of material sedimenting between s* and (s* + δs*) (6, 7), using the DCDT+ software package (version 1.05) (8) . This software was also used for direct fitting of simple Gaussian functions to dc/dt versus s curves (9) , in order to test for the number of components giving a "best fit" to the data. Sedimentation coefficients were converted from s* to s 20,w , taking values of 0.759 ml/g for the partial specific volume and 1.00213 g/ml for the solvent density and 1.0103 cp for the viscosity, calculated with SEDNTERP (version 1.03) (10) . All plots were produced from the data using the programme ProFit Images were recorded at a magnification of 67,000 on a Philips Tecnai 12 electron microscope operating at 100 kV using low dose conditions (approximately 10 e -/ Å 2 ). The quality of the images was checked on an optical difractometer. The defocus was about 1000 nm. The images were collected with a Zeiss-SCAI scanner using a step size of 7 µm (pixel size1.04 Å). Images were demagnified by linear interpolation on the computer to a pixel size of 5.2 Å.
RESULTS AND DISCUSSION

Apparent molecular masses of F 1 -ATPase and the IF 1 -F 1 complex in solution -
The apparent molecular masses of F 1 -ATPase and IF 1 -F 1 complex in solution were determined by gel filtration chromatography (Fig. 1 ) and sedimentation velocity analysis (Fig. 3) . F 1 -ATPase eluted from a Superose 6 column as a single peak of 367 kDa, whereas under the same conditions, the IF 1 -F 1 complex, eluted at 696 kDa. The small shoulder contains monomeric F 1 -ATPase (Fig.1A) . Fractions from both peaks were analysed by SDS-PAGE (Fig. 2) . The gels confirmed the presence of IF 1 (9.6 kDa) in the Electron microscopic analysis of the samples (Fig. 4) revealed the presence of dimeric F 1 complexes. They represented about 70 % of the particles present in the fields that were examined, the other particles being mostly monomeric F 1 -ATPase. As the starting material was the main peak obtained by gel filtration of the F 1 -IF 1 complex, it was devoid of monomeric F 1 -ATPase. Therefore, the monomers must have arisen by disruption of the dimeric complex during the dilution and staining procedures. A few particles appear to be trimeric. As there was only evidence for dimer formation by gel filtration and sedimentation analysis, these apparent trimers in the electron microscopy pictures are unlikely to represent biologically significant assemblies. In a control experiment, particles of F 1 alone were examined in the same way. About 94 % of them were clearly monomeric. 
